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Description 

This invention relates to an apparatus for the treatment of a cancer by irradiating a cancerous lesion 
part in which is absorbed and accumulated in advance a photosensitive substance such as a hematopor- 
s phyrln derivative or a compound of phthalocyanine series having an affinity for tumors with light generated 
from a photodiode such as light-emitting diode or laser diode. 

In recent years, studies on the application of the laser to the medical field have been gaining impetus. 
Particularly in the field of diagnosis and treatment of cancers, growing attention has been focused on the 
method for the treatment of cancer, which comprises administering a photosensitive substance such as a 

io hematoporphyrin derivative to a cancer-carrying patient thereby causing the photosensitive substance to be 
selectively absorbed and accumulated in the tumorous area of the patient's body, irradiating the tumorous 
area with a laser beam thereby exciting the photosensitive substance into liberating a superoxide anion 
radical (.0- 2 ), hydrogen peroxide (H2O2), a hydroxy radical (.OH), or a singlet oxygen ( T 0 2 ), and utilizing the 
oxidizing power of the liberated radical or equivalent in destroying cancerous cells. Heretofore, a continuous 

15 wave laser beam such as argon-excited dye laser has been proposed to be used in this method. Since the 
energy of a laser beam injected into living tissues is exponentially attenuated relative to the depth of living 
tissues, however, a low-output continuous beam such as the aforementioned argon-excited dye laser has a 
small degree of energy penetration to the affected part and, consequently, is insuficiently powerful for 
treatment on a cancerous lesion of large size. In this field, therefore, emphasis is placed on the utilization or 

20 development of a laser beam source possessing a high output and a high degree of energy concentration. 
For example, Japanese Patent Application Laying-Open No. 59(1984)-40,869 discloses apparatus for the 
therapy and diagnosis of a cancer by the use of a pulsating laser beam in the place of a continuous wave 
laser beam. This treatment method and apparatus is expected to attain its full potential in the future in the 
sense of improving the degree of penetration of the energy of a laser beam to the interior of the lesion, it 

25 may be mentioned that any apparatus for the treatment of a cancer by the use of a laser beam source 
entails many problems concerning its practical utility because the laser emission device Is large, expensive, 
troublesome in terms of maintenance and management, and devoid of versatility and because the high 
energy laser beam source required is liable to destroy normal cells as well as to the affected ones. 

EP-A-0161 606 discloses a method of destroying cancer cells by administering a photosensitive 

30 substance to the cancer cells, and thereafter inadiating the administered cancer cells with a laser beam 
having a wavelength of from 350 to 1200 nm at a power of from 5 to 750 mW/cm 2 , and further discloses 
that when a YAG laser at 1064 nm is applied to the cancer cells simultaneously with the irradiation 
mentioned above, a synergistic effect is obtained. 

The inventors have conducted a diligent study in search of a breakthrough in respect of the state of 

35 affairs described above. They have consequently found that by using a photodiode as a light source for 
Irradiation of a lesion which has absorbed and accumulated in advance therein a photosensitive substance 
with affinity for tumors and devising a method for excitation of the aforementioned photosensitive substance, 
treatment of a cancer can be efficiently carried out even when the continuous wave beam emitted from the 
photodiode possesses an extremely feeble energy which is some one tenth to some one ten thousandth of 

40 the energy of the laser beam. The present invention has been perfected as the result. 

According to the present invention, there is provided an apparatus for treating a cancerous lesion part 
having absorbed and accumulated In advance a photosensitive substance with an affinity for tumors, the 
apparatus being adapted to inadiate said cancerous lesion part with light energy from a light source, 
characterised in that said light source comprises at least one first photodiode adapted to emit light to excite 

45 molecules of said photosensitive substance from its ground state to a singlet state at a higher energy level 
than said ground state, molecules of said photosensitive substance decaying from the singlet state to a 
triplet state, and one or more second photodiodes adapted to emit light to excite those molecules of said 
photosensitive substance which have decayed from said singlet state to said triplet state to a still higher 
energy level, said first photodiode and said second photodiode emitting respectively beams different in 

50 wavelength from each other. 

Using the construction defined above, the apparatus of this invention for the treatment of a cancer is 
inexpensive and, as a whole, is small and light as compared with the therapeutic apparatus using a laser 
beam source. Whereas the conventional therapeutic apparatus using the laser beam source inevitably 
requires a patent to approach the apparatus by walking, the apparatus of the present invention can be 

55 applied to the affected part of the patient and enjoys many advantages from the standpoint of clinical 
therapy. 

Moreover, the apparatus of the present invention utilizes a feeble energy radiation source as a light 
source and, therefore, is superior to the conventional countertype in terms of the safety from misoperation 
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(erroneous irradiation). Further, as regards the effect of treatment, since the apparatus of this invention 
effects destruction and exfoliation of tumorous cells from the surface part thereof, it has the advantage that 
even when a tumor under treatment happens to be large, this apparatus is capable of bringing about 
complete cure of the tumor in a deep portion without adversely affecting the normal tissue adjacent to the 
5 tumor. 

Now, the present invention will be described further in detail below with reference to the accompanying 
drawings. 

Fig. 1 is a basic circuit diagram of apparatus of this invention for the treatment of a cancer. 

Fig. 2 is a diagram showing the concept of the treatment of a cancerous lesion part by the use of the 
io apparatus of the present invention. 

Fig. 3a and Rg. 3b are diagrams illustrating typical embodiment of a light emission part of the 
apparatus of this Invention. 

Fig. 4 is a diagram illustrating another typical embodiment of the light emission part in the apparatus of 
this Invention. 

75 Fig. 5 is a diagram illustrating the relation between the time of irradiation with the beam from a 
photodiode and the proportion of surviving cells. 

In Fig. 1 is shown the basic circuit diagram of the apparatus of this invention for the treatment of a 
cancer. As a power source 1, for example an AC-DC converter or, where the apparatus is intended as a 
portable version, a battery is used. A light emission part 3 comprises photodiodes 3a, 3b. One of these two 

so photodiodes is used for exciting a photosensitive substance in the ground state (S Q ) to a singlet state (S„). 
The substance makes a transition from the aforementioned singlet state to a triplet state (T). The other 
photodiode is used for exciting the energy level which has made the transition to the triplet state (T), from 
the singlet state, to a further higher level. The number of these photodiodes 3a, 3b and the manner of their 
disposition can be freely selected, depending on the position of the area for treatment on a patient's body, 

25 the size of the lesion part, the shape of the lesion part, etc. A circuit part 2 is intended to protect or control 
an over-current to the light emission part 3. It is formed of a protective resistance, for example. 

The basic circuit shown in Rg. 1, when necessary, may be provided with such an auxiliary device as a 
fan 4 adapted to remove from the light emission part 3 heat generated therein. 

Rg. 2 is a diagram showing , the concept of treatment of a cancerous lesion part by the use of the 

$o apparatus of the present invention. In Rg. 2, 1 denotes a power source part and an overcurrent protection 
part or control circuit part and 3 a light emission part respectively. In the light emission part 3, a plurality of 
photodiodes 3a, 3b are disposed. A stands for a cancerous lesion part, B for a peripheral part thereof, and 
C for a normal part respectively. 

Preparatory to the actual treatment, a photosensitive substance such as a hematoporphyrin derivative is 

35 diluted with a pharmaceutically acceptable diluent and prepared otherwise and administered to a patient by 
intravenous injection, local injection, or abdominal injection, for example. Several days after the administra- 
tion, the photosensitive substance is specifically absorbed and accumulated in the cancerous tissue and 
substantially ceases to exist in the normal tissue. 

At this time, the apparatus of the present invention is operated so as to irradiate the cancerous lesion 

40 part with the beam issuing from the photodiodes or necessary treatment. The photodiodes 3a, 3b are 
suitably selected from light-emitting diodes or laser diodes, depending on the light absorption characteristic 
of the photosensitive substance being used. Where the photosensitive substance happens to be a 
hematoporphyrin derivative (HpO: product of Queen Elizabeth Hospital), for example, the combination of 
light emitting diodes of GaAsP having a wavelength of 630 nm and light emitting diodes of GaP have a 

45 wavelength of 690 nm proves to be a preferred choice. By irradiating the lesion part simultaneously with the 
beams from these two kinds of light emitting diodes, the photochemical reaction of the hematoporphyrin 
derivative is conspicuously enhanced and the effect of treatment consequently improved. Compounds of 
phthalocyanine series may be cited as other concrete examples of the photosensitive substance under 
discussion. This method, however, Is not restricted to the photosensitive substances mentioned above. 

so Rg. 3a and Rg. 3b illustrate a typical embodiment of the light emission part 3 in the apparatus of this 
invention for the treatment of cancer, Rg. 3a is a plan view of the light emission part 3 and Rg. 3b a cross 
section of the light emission part 3. 

in Rg. 3a and Rg. 3b, 3a and 3b stand for photodiodes having different wavelengths. The conventional 
photodiodes can be utilized in their unmodified form. For the purpose of eliminating the directivity of 

55 emission, however, the leading end of each of the photodiodes may be cut out as indicated by the symbol 
D in Rg. 3b. 

The structure of light emission part illustrated in Rg. 3a and Rg. 3b is intended for the treatment of 
such cancers as various epithelial cancers and mammary cancers. By suitably varying the shape and 
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dimensions of the structure of light emission part, this structure may be adapted to permit treatment of such 
coeliac cancers as tumors in digestive organs like the gullet, the colon, and the stomach and cancers of the 
larynx. 

Fig. 4 illustrates a typical applicator for the use of the apparatus for endotract or intracavitary treatment. 
5 In Fig. 4, 3a and 3b denote photocflodes different in kind from each other and 5 denotes a balloon made of 
a freely expansible and contractive material such as, for example, silicone rubber and adapted to enclose 
the photodiodes. This balloon 5 Is provided with flow paths E and F for Introducing and discharging a 
coolant such as distilled water, physiological saline water, or olive oil which has a low level of light 
absorption. The balloon 5 advantageously functions to enable the output of the photodiodes to be increased, 
10 preventing the normal tissue in the neighborhood of the affected part from damage by burning, and 
ensuring fixation of the applicator to the affected path. Optionally, the flow path for the coolant may be 
formed inside the structure of photodiodes. 

Now, the effect brought about by the use of the apparatus of this invention in the treatment of cancer 
will be described. 

is The test for the confirmation of this effect was performed as follows. 

[Preparation of test specimen] 

In a plastic dish 35 mm in diameter, 0.1 ml of a cancer cell (HeLa-S3) solution having a cell 
20 concentration of 2 x 10 s per ml was placed and 2 ml of a culture medium was added: the resultant mixture 
was left standing at 37* C for 48 hours in an atmosphere containing 5% of carbon dioxide gas for culture of 
the cells. The culture medium was prepared by adding blood serum albumin in a concentration of 10% and 
Kanamydn (product of Meiji Seika Kaisha, Ltd.) in a concentration of 100 g/ml to an MEM-Eagle culture 
solution (product of GIBCO Corp.). After completion of the culture, the supernatant formed in the dish was 
25 removed and then 2 ml of a culture solution containing a hematoporphyrin derivative (HpD: product of 
Queen Elizabeth Hospital) in a concentration of 2 g/ml was introduced to continue the culture for two hours 
under the same conditions as mentioned above. Then, the supernatant formed in the dish at the end of the 
culture was discarded and the remaining culture broth was washed with 2 ml of an MEM-Eagle culture 
solution to remove the hematoporphyrin derivative which had not been absorbed and accumulated in the 
30 cells. By further adding 2 ml of culture medium to the cleaned remaining culture broth, there was obtained 
a test specimen. 

[Irradiation test] 

35 In a structure of light emission part illustrated in Rg. 3a and Fig. 3b, five photodiodes (TLS-1 54; product 
of Toshiba Limited) having a wavelength of 635 nm were used as 3a and four photodiodes (TLR-145; 
product of Toshiba Limited) having a wavelength of 690 nm were used as 3b, respectively. The 
aforementioned test specimen was placed in such a position that the photodiodes were separated by a 
distance of 8 mm from the upper side of the test specimen. It was irradiated with the beams of light emitted 

40 from the photodiodes with a supplied current of 18 mA, to find the relation between the time of irradiation 
and the ratio of surviving cells. The test specimens subjected to this test were taken as forming one group. 

For comparison, an apparatus was formed by incorporating nine photodiodes of a wavelength of 635 
nm as 3a and 3b in a similar structure of the light emission part With this apparatus, a comparative test 
was carried out in the same manner as the method mentioned above. The test specimens subjected to this 

45 comparative test were taken as forming another group. 

In the tests described above, a force air cooling duct was disposed between the plane of light emission 
and the test specimen for the purpose of preventing the temperature of the test specimen from rising, and 
the difference of temperature between the outlet and inlet thereof was kept below 0.4* C. 

Table 1 shows the relation between the time of Irradiation and the ratio of surviving cells in given two 

so groups of test speciments relative to the control group (devoid of irradiation) as determined by the test with 
the apparatus of this invention and the comparative test. 
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Table 1 
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18 


24 


48 


Comparative 
test 


1.0 


1.0 


0.88 


0.91 


0.81 


This invention 


1.0 


0.98 


0.84 


0.75 


0.41 
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By plotting the results of Table 1, there are obtained the two curves shown in Fig. 5. 
The curve A represents the results of test obtained by the use of the apparatus of this invention and the 
curve B, those obtained by the use of the apparatus for comparative test. 

In Fig. 5, the vertical axis is the scale of the ratio of surviving cells (%) in the respective groups relative 
20 to the control group (devoid of irradiation) and the horizontal axis the scale of time (hr) of irradiation. 
The data of Fig. 5 demonstrates the effectiveness of the apparatus of this invention. 

Claims 

25 1. An apparatus for treating a cancerous lesion part having absorbed and accumulated in advance a 
photosensitive substance with an affinity for tumors, the apparatus being adapted to irradiate said 
cancerous lesion part with light energy from a light source, characterised in that said light source 
comprises at least one first photodiode (3a) adapted to emit light to excite molecules of said 
photosensitive substance from its ground state to a singlet state at a higher energy level than said 

30 ground state, molecules of said photosensitive substance decaying from the singlet state to a triplet 
state, and one or more second photodiodes (3b) adapted to emit light to excite those molecules of said 
photosensitive substance which have decayed from said singlet state to said triplet state to a still higher 
energy level, said first photodiode and said second photodiode emitting respectively beams different in 
wavelength from each other. 

35 

Z An apparatus according to claim 1, wherein a plurality of pairs of first (3a) and second (3b) photodiodes 
are disposed on a curved surface of a partspherically shaped support member (3), any two randomly 
selected adjacent photodiodes comprising one of the first photodiodes (3a) and one of the second 
photodiodes (3b). 

40 

a An apparatus according to claim 1, wherein a plurality of pairs of such first and second photodiodes are 
disposed on a side surface of one end of a flexible support member, in rows extending longitudinally of 
the flexible support member and transversely to said longitudinal direction, ones of the first and second 
photodiodes (3a, 3b) being positioned adjacent to one another and first and second photodiodes being 
45 surrounded with a freely expansible and contractable balloon (5) fastened at the opposite ends thereof 
to said support member, said balloon (3) being adapted to be provided with a flow path for introduction 
and discharge of a coolant. 

4. The apparatus according to claim 3, wherein said flow path for introduction and discharge of a coolant 
so is disposed inside said flexible support member. 

5. The apparatus according to any one of claims 1 to 4, wherein said first and second photodiodes are 
respectively laser diodes. 

55 6. The apparatus according to any one of claims 1 to 4, wherein said first and second photodiodes are 
respectively light-emitting diodes. 

7. The apparatus according to claim 6, wherein said first photodiodes are fight-emitting diodes of GaAsP 
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type adapted to emit light at a wavelength of 630 nm. 

8. The apparatus according to claim 6, wherein said second photodiodes are light emitting diodes of GaP 
adapted to emit light at a wavelength of 690 nm. 

9. The apparatus according to any one of the preceding claims wherein said light source is connected to 
a power source (1) via a circuit (2) adapted to limit any overcurrent flowing to said light source. 

10. The apparatus according to claim 9, wherein said circuit part comprises a protective resistance. 

11. The apparatus according to claim 1. wherein said light source comprises a plurality of first and second 
photodiodes, which are alternately connected in series. 

12. The apparatus according to any one of the preceding claims, which is provided with cooling means 
adapted to remove heat generated in said light source. 

Revendlcations 

1. Un appareil pour le traitement d'une partie de lesion canceVeuse ayant absortxl et accumule a I'avance 
une substance photosenslble avec une affinite* pour les tumeurs, l'appareil 6tant congu pour irradier 
ladite partie de tesion canceYeuse avec de I'dnergie lumineuse provenant d'une source lumineuse, 
caracterise en ce que ladite source lumineuse comprend au moins une premiere photodiode (3a) 
concue de fagon a §mettre de la lumiere pour exciter les molecules de ladite substance photosensible 
en la faisant passer de son 6tat fondamental a un e*tat singulet a un niveau d'Snergie supeVieur a celui 
de I'dtat fondamental, les molecules de ladite substance photosensible se ddsintegrant en passant de 
I'dtat singulet a un eHat triplet, et une seconde photodiode ou plus (3b) congue de fagon a emettre de 
la lumiere pour exciter ces molecules de ladite substance photosensible qui se sont dSsintegrees en 
passant dudit e*tat singulet audit Stat triplet Jusqu'a un niveau d'^nergie encore supe*rieur, ladite 
premiere photodiode et ladite seconde photodiode Smettant respectivement des rayons de longueurs 
d'onde diffeVentes I'un par rapport a I'autre. 

2. Un appareil selon la revendication 1 , ou plusieurs paires de premiere (3a) et de seconde (3b) 
photodiodes sont placets sur une surface courbe d'un dement de support en partie spheVique (3), 
deux photodiodes adjacentes prises au hasard comprenant une des premieres photodiodes (3a) et une 
des secondes photodiodes (3b). 

3. Un appareil selon la revendication 1, oO plusieurs paires de ces premieres et secondes photodiodes 
sont placets sur une surface lateVale d'une extremite* d'un element de support flexible, en rangs 
s'Stendant longitudinalement a I*6l6ment de support flexible et transversalement a ladite direction 
longitudinale, une des premieres photodiodes et une des secondes photodiodes (3a, 3b) e*tant 
positionnSes de fagon adjacente Tune par rapport a rautre et les premieres et secondes photodiodes 
Stant entounles d'un ballon librement expansible et pouvant se contractor (5) fixe* aux extnSmites 
opposees de celul-ci audit element de support, ledit ballon (3) $tant congu pour §tre muni d'une vote 
d'e*cou!ement destined a I'introduction et a Evacuation d'un liquide de refroidissement 

4. L'appareil selon la revendication 3, oD ladite voie d'Scoulement destined a I'introduction et a rdvacua- 
tion d'un liquide de refroidissement est situde a I'interieur dudit SlSment de support flexible. 

5. L'appareil selon Tune quelconque des revendicatirons 1 a 4. ou lesdites premieres et secondes 
photodiodes sont respectivement des diodes laser. 

6. L'appareil selon I'une quelconque des revendications 1 a 4, ou lesdites premieres et secondes 
photodiodes sont respectivement des diodes electroluminescentes. 

7. L'appareil selon la revendication 6, ou lesdites premieres photodiodes sont des diodes Slectrolumines* 
centes du type GaAsP congues pour dmettre de la lumiere a une longueur d'onde de 630 nm. 

8. L'appareil selon la revendication 6. ou lesdites secondes photodiodes sont des diodes electrolumines- 



6 



EP 0 266 038 B1 



centes de GaP congues pour 6mettre de la lumiere a une longueur d'onde de 690 nm. 

9. L'appareil selon Tune quelconque des revendications prScedentes ou ladite source lumineuse est 
connected a une source d'Snergie (1) par I'intermSdiaire d'un drcult (2) destine* a Omiter tout courant 

5 de surcharge circulant vers ladite source lumineuse. 

10. L'appareil selon la revendication 9, ou ladite piece du circuit comprend une resistance protectrice. 

11. L'appareil selon la revendication 1. ou ladite source lumineuse comprend plusieurs premieres et 
10 secondes photodiodes, qui sont connecters alternativement en s6rle. 

12. L'appareil selon l*une quelconque des revendications prdc^dentes, qui est muni d'un moyen de 
refroidissement destine* a eliminer la chaieur g6n6r£e dans ladite source lumineuse. 

75 Patentansprilche 

1. Vorrichtung zum Behandeln eines krebsartig krankhaft veranderten Teils, der vorher eine photosensitive 
Substanz mit einer AfRnitSt fOr Tumore absorbiert und angelagert hat t wobei die Vorrichtung dazu 
ausgelegt ist, den krebsartig krankhaft veranderten Tell mit Lichtenergie von einer Lichtquelle zu 

20 bestrahlen, dadurch gekennzeichnet, dafl die Lichtquelle mindestens eine erste Photodiode (3a) 
umfaBt, die so ausgelegt ist, daJJ diese Licht ausstrahlt, urn MolekUle der photosensitiven Substanz aus 
ihrem Grundzustand in einen Singulett-Zustand mit einem hoheren Energieniveau als den Grundzu- 
stand anzuregen, wobei MolekUle der photosensitiven Substanz von dem Singulett-Zustand in einen 
Triplett-Zustand absinken, und eine Oder mehrere zweite Photodioden (3b), die so ausgelegt sind, dafl 

25 sie Licht emittieren, urn diese MolekUle der photosensitiven Substanz, die von dem Singulett-Zustand in 
den Triplett-Zustand abgesunken sind, auf ein noch hoheres Energieniveau anregen, wobei die erste 
Photodiode und die zweite Photodiode jeweils Strahlung emittieren, deren WellenlSnge voneinander 
verschieden ist. 

30 2. Vorrichtung nach Anspruch 1, 

worin mehrere Paare erster (3a) und zwetter (3b) Photodioden auf einer gekrQmmten Oberflache eines 
teilweise kugelf&rmig geformten Traggliedes (3) angeordnet sind, wobei samtiiche zwei zufallig ausge- 
wahlten benachbarten Photodioden eine der ersten Photodioden (3a) und eine der zweiten Photodioden 
(3b) umfassen. 

35 

3. Vorrichtung nach Anspruch 1 , 

worin mehrere Paare derartiger erster und zweiter Photodioden auf einer SeitenflSche eines Endes 
eines flexiblen Traggiiedes in Reihen angeordnet sind, die la'ngs zu dem flexiblen Tragglied und quer 
zu der Langsrichtung verlaufen, wobei eine der ersten und zweiten Photodioden (3a, 3b) neben der 
40 anderen angeordnet ist und erste und zweite Photodioden mit einem frei ausdehnbaren und zusam- 
menziehbaren Ballon (5) umgeben sind, der an seinem gegenOberliegenden Ende an dem Tragglied 
befestigt ist, wobei der Ballon (3) mit einem Durchfiugkana! zum Zufthren und Abfuhren eines 
KCJhlmittels vorgesehen ist 

45 4. Vorrichtung nach Anspruch 3, 

worin der DurchfluBkanal zum ZufUhren und AbfUhren eines KUhlmittels innerhalb des flexiblen 
Tragglieds angeordnet ist. 

5. Vorrichtung nach einem der AnsprOche 1 bis 4, 

so worin die ersten und zweiten Photodioden jeweils Laserdioden sind. 

6. Vorrichtung nach einem der AnsprOche 1 bis 4, 

worin die ersten und zweiten Photodioden jeweils Leuchtdioden sind. 

55 -7. Vorrichtung nach Anspruch 6, 

worin die ersten Photodioden vom Typ GaAsP sind und Licht der Wellenlange von 630 nm emittieren. 

a ' Vorrichtung nach Anspruch 6, 
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worin die zweiten Photodioden lichtemittierende Dioden vom Typ GaP sind und Licht der WeiienlSnge 
von 690 nm emlttieren. 

9. Vorrichtung nach einem der vorhergehenden AnsprOche. 

5 worin die Lichtquelle Ober einen Schaltkreis (2) mit einer Strom versorgung (1) verbunden ist. der jeden 
Oberstrom begrenzt, der zu der Lichtquelle flieflt 

10. Vorrichtung nach Anspruch 9. 

worin der Schaltkreis einen Schutzwiderstand enthalt 

10 

11. Vorrichtung nach Anspruch 1, 

worin die Lichtquelle mehrere erste und zweite Photodioden umfaflt, die abwechselnd in Serie 
geschaltet sind. 

is 12. Vorrichtung nach einem der vorhergehenden AnsprUche, 

die mit einer KDhleinrichtung versehen ist, urn die in der Lichtquelle erzeugte Warme abzufOhren. 
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